On the basis of the 16S rRNA sequence data analysis among the closely related species, the specific primers for Cytophaga psychrophila were constructed.
On the basis of the 16S rRNA sequence data analysis among the closely related species, the specific primers for Cytophaga psychrophila were constructed.
The specificity in amplifying the 16S rRNA of C.
psychrophila was confirmed by using some selected strains of the related species. In addition, it was revealed that these specific primers distinguished C. psychrophila from other principal fish pathogens.
The present PCR technique is expected to be a powerful tool for the diagnosis of cold-water disease.
Cytophaga psychrophila, the causative agent of cold-water disease, was originally isolated from coho salmon (Oncorhynchus kisutch) in Washington State, USA, in 1948 (Borg 1960) . Outside of the North America, Bernardet and Kerouault (1989) reported Flexibacter psychrophilus (syn. C. psychrophila) in diseased rainbow trout (Oncorhynchus mykiss) in France. In Japan, it was isolated from coho salmon, rainbow trout and ayu (Plecoglossus altivelis) (Wa kabayashi et al., 1991 (Wa kabayashi et al., , 1994 . The epizootic has been spreading over Japan, especially among ayu in both farms and rivers.
So far, identification of C. psychrophila has been generally conducted on the basis of its phenotypical and/or serological characteristics (Bernardet et al., 1989; Wakabayashi et al., 1994) . Recently, many reports have been published on the 16S rRNA se quences of various bacteria and the phylogenetic relationships deduced from analyses of these se quences, and some particular regions of the 16S rRNA sequences are known to be species or genus specific (Nishimura et al., 1992) . When we use the specific primers for C. psychrophila, they enable us a rapid and accurate identification, and provide a useful tool in the epidemilogical investigations.
The aim of the present study is to construct the specific primers for C. psychrophila based on the 16S rRNA sequences, and to use them for identification of C. psychrophila by means of PCR.
Materials and Methods
Construction of the specific primers for C. psychro phila The species selected for construction of the specific primers are listed in Table 1 . These bacteria were selected-according to Nakagawa's Ph. D dissertation (1993) , in which, on the basis of 16S rRNA se quences, they were classified from cluster 9 through 12 phylogenetically. The 16S rRNA sequence data of all bacteria from cluster 9 through 12 were taken by accessing Nucleotide Sequence Database (Gen Bank). The selected data were dealt with multiple alignment analysis (CLUSTAL V) (Higgins et al., 1992) , and the specific regions for C. psychrophila found out and confirmed the specificity by FASTA (Lipman et al., 1985) . The specific primers were synthesized by Sawady Technology Co., Tokyo, Japan according to our profile. These primers, desig nated PSY1 (5'-CGATCCTACTTGCGTAG-3') and PSY2 (5'-GTTGGCATCAACACACT-5'), were located at positions corresponding to posi tions 190 to 206 and 1278 to 1262, respectively, on the Escherichia coli 16S rRNA numbers. And uni versal primers conserved in all 16S rDNAs, designat ed 20F (5'-AGAGTTTGATCATGGCTCAG-3') and 1500R (5'-GGTTACCTTGTTACGACTT-3'), were also employed (Weisburg et al., 1991) . Table 1 . Species selected for construction of the specific primers for C . psychrophila and their sequences corresponding to the positions of the primers Bacterial strains used for the PCR The bacterial strains used for the PCR are listed in Table 2 . A total of 33 strains was consisted of 23 strains of Flavobacterium-Cytophaga complex from cluster 9 through 12 and 10 strains of fish pathogens belonging to the other genera. The strains are mostly part of our fish pathogen collection (FPC). All strains belonging to the genus Cytophaga or Flavo bacterium were grown in tryptone and yeast extract (TYE) broth (0.4% tryptone, 0.05% yeast extract, 0.02% CaCl2¥7H2O, 0.05% MgSO4 ¥ 7H2O, distilled water, pH 7.2). The strain of Flexibacter maritimus was cultured in Marine TYE broth containing aged sea water instead of distilled water. And the strains belonging to the other genera were grown in brain heart infusion broth. were electrophoresed in a 1.0% agarose gel, stained with ethidium bromide, and photographed.
Results
First of all, we confirmed that all preparations contained DNA which could be amplified. The universal 20F-1500R primer pair yielded a fragment of the expected size (Fig. 1) . The PSY1-PSY2 primer pair specificially amplified the 16S rDNA of all 14 C. psychrophila strains but none of 19 strains belonging to the other species (Fig. 2) . The PSY1- PSY2 primer pair was assessed for the usefulness for discriminating C. psychrophila from other bacteria.
Discussion
The present results suggested that the PSY1-PSY2 primer pair could differentiate C. psychrophila from the other species of Flaobacterium-Cytophaga com plex as well as other fish pathogens. The validity of this primer pair for the strains of Flavobacterium Cytophaga complex from cluster 9 through 12 not used for the PCR was assessed by compairing the sequence patterns of the primer positions (Table 1) . According to this comparison, the sequence patterns f these regions were significantly different between C. psychrophila and other species belonging to the cluster 9 through 12. This comparison confirmed that the differences of the sequence patterns consid erably had an influence on amplifying the 16S rDNA. So it is supposed that the PSY1-PSY2 primer pair will not amplify the 16S rDNA of the other species within these ranges. It is expected that the PSY1-PSY2 primer pair will be a useful tool to identify and detect C. psychrophila in the epidemilog ical investigations.
